Optically accessible, high pressure, hot fire test articles are available at NASA Marshall for use
where/1 is Planck's constant (6.6 x 10 -34 joule-sec), c is speed of light (3 x 10 m cm/sec), B is the rotational term value, in cm-_(wavenumbers), D is a centrifugal stretch correction term value, and J is rotational quantum number (0, 1, etc.) Assuming H2 is also an anharmonic oscillator, its vibrational energy can be modeled as a function of vibrational quantum number, v (0, 1, etc.), by:
where w,, is the fundamental vibrational term value and x,, is an anharmonicity correction factor.
Both B and D are functions of v through vibration-rotation interaction and are given v subscripts: ,, D,,, o_,,, and/3,, are 
where v" is v for the initial energy state. Equation  5 gives the energy lost by the interacting photons, and since their wavelengths are related to their energies, the wavelength of the Raman scattered light, ).k, will depend upon the incident photon's wavelength, 24, and v" and J through: 
where Q is the T-dependent ro-vib-nuc partition function, k is Boltzmann's constant ( 1.38 x 10 -23 joule/K), and g" is relative degeneracy for ro-nuclear spin coupling (for He: 1 odd J, 3 even J).
Figures 1 and 2 show Stokes vibrational Q-branch
Raman spectra (for 248.623 nm excitation) at two T's, 700 K and 3400 K, and use the lineshift data of Sinclair et al. (1996) where Do, in cm2/(sec amagat), is an "optical" diffusion coefficient = !. 13 x molecular diffusion coefficient (Rahn et al. 1991; Bergmann and Stricker 1995) . One amagat = p at 1 atm, 273 K.
For large P collisional broadening occurs due to collisions that terminate, rather than perturb, the scattering process.
The resulting finite-lived wavetrain has a frequency, or wavenumber, spread inversely proportional to its duration. The collisionally-broadened linewidth can be modeled as:
= vv°n (10) where fj is a broadening coefficient dependent on J, collision partner, and T, and fj has been modeled by Hussong et al. (2000) for H2-H2 and H2-N2 collisions. Thus F is composed of a combination of three terms, each term dominating within a P range: F = Fl_,,l,t, at low p, F = Ft_i,l,.,, at medium p, and F = 1-'c,,,. m,,,,,I at high p. Figure 3 shows the first two rotational lines of the H2 lineshape with a FWHM of (A,_s 2 + AAL2) I/2. In addition the 100 lure spectrograph slit also broadens the instrumental linewidth through its further convolution with a rectangular lineshape of 0.07 rim, from the 0. l mm slit width x 0.7 nm/mm dispersion (for a 3600 groove/ram grating). Figure  5 shows Raman spectra for five atmospheric pressure H2-air flames at varying equivalence ratio, 0. As 0 decreases, T increases which lowers p (reducing the overall Raman signal strength) but also increases the population fractions of the higher rotational and vibrational levels ("spreading out" the H2 and H20 Raman signals). Figure 6 shows the H2 Raman signal for the 0 = 1.6 flame compared to theoretical Raman spectra at three T values. A manual best fit gives 2400 K, compared to an expected adiabatic T (7",,,i) of 2220 K. Measured T's for all flames are high compared to T,,js: 0=-2.0, T=2350K, T,,j=2060: 0=-2.9, T=2200K, T,,,t=1780: and 0=4.0, T=1900K, T,,j=1560 . This could be due the noninclusion of the the O and S rotational wings around the Q-branch or a systematic error in 0 measurement.
CONCLUSIONS AND FUTURE WORK
Using the collisional broadening data of Hussong et al. (2000) 
